Abstract The World Wide Web has become the largest library through the history of the humanity. Having such a huge library made the search process more complex as the syntactic search engines offer an overwhelming amount of search results. Vocabulary problems like polysemy and synonymy can make the search results of traditional search engines irrelevant to users. Such problems trigger a strong need for personalizing the web search results based on user preferences. In this paper, we propose a new multi-agent system based approach for personalizing the web search results. The proposed approach introduces a model to build a user profile from initial and basic information, and maintain it through implicit user feedback to establish a complete, dynamic and up-to-date user profile. In the web search process, the model semantically optimizes the user query in two steps: query optimization using user profile preferences and query optimization using the WordNet ontology. The model builds on the advantages of the current search engines by utilizing them for retrieving the web search results. We present a detailed case study and simulation results evaluation to illustrate how the proposed model works and its expected value in increasing the precision of the traditional search engines and solving the vocabulary problems.
Introduction
With the huge amount of information available on the World Wide Web, some Internet users may face information overflow problems, where there are a huge number of hosted documents on the web. The keyword-based search engines are unable to satisfy the user needs during his web search process. Furthermore, these search engines do not address vocabulary problems such as polysemy and synonymy. Polysemy refers to the existence of multiple meanings for a single word. For example, when a user searches for the word ''Jaguar'', the retrieved results may be related to jaguar as an animal or jaguar as a car brand. Synonymy refers to the existence of multiple words with the same meaning. For example, when a user searches for the word ''car'', all results that are related to another word such as ''vehicle'' would be neglected although the two words are nearly having the same meaning [1] .
Personalization of web search results can solve the mentioned problems by focusing on the most relevant results for the user query combined with his preferences-identified in his user profile. In addition, it reduces the user efforts during the web search process [1] . Recently, several approaches of web search personalization have been proposed. Some of the most successful approaches are based on building a user profile that represents user interests and using it in the web search process [2] [3] [4] [5] .
In this paper, a new multi-agent system based model called ''Web Search Personalizer'' is proposed for personalizing the web search results. The multi-agent system (MAS) technique is employed here to enhance the information retrieval precision and recall assessment criteria through building multiple agents for addressing the different personalization issues and phases. Also, using MAS technique, our model gains the advantages of interacting with the current search engines to retrieve and defuse the web search results. In the proposed model, a user profile is built from initial and basic information and maintained through the implicit user feedback extracted by the click-through technique [6] [7] [8] . Consequently, the model keeps the user profile complete, dynamic and up-to-date. In addition to keeping an up-todate user profile, we also propose a semantic query optimization technique based on both query related user profile preferences and the WordNet ontology. WordNet is the largest lexical database containing words grouped into synsets (Synonym Sets) [9] .
The rest of this paper is organized as follows: Section 2 reviews some related work. Section 3 describes the proposed model conceptual view, while Section 4 presents the model architecture in details. Section 5 presents a detailed case study and its simulation results evaluation. Finally, the research work presented in this paper is concluded in Section 6.
Related work
Different approaches were proposed by researches in the area of web search personalization. Some of these approaches are based on the user's geographical location considering the location factor only [10] [11] [12] . In such approaches, the retrieved results are related to the user's language and his demographic attributes, without considering any other user preferences. Although, these approaches may give better results than the traditional search engines, the users in the same geographical area will have the same results even if they have different preferences and interests.
On the other hand, other some approaches re-rank the retrieved search results from the traditional search engines based on the user preferences [13] [14] [15] . The main disadvantage of these approaches is that the search process relies on the original search query without taking the user preferences into consideration.
A user feedback can be an important factor to fine-tune the search results, thus another type of approaches employs the user implicit feedback to avoid direct user involvement [6] [7] [8] . These approaches rely on the user feedback only, so the search process takes long time and passes through multiple iterations.
Finally, the most famous and effective approaches build a robust user profile from different resources. This profile contains all user preferences, and hence it is used in web search personalization [2, 4] . The main disadvantages of these works are either they ignore the vocabulary problems or involve the user in enhancing and maintaining his profile.
To tackle the above-mentioned disadvantages, we propose a multi-agent system based model called ''Web Search Personalizer'' (WSP) that builds and maintains the user profile automatically. The proposed model also presents a semantic-based optimization method for the user's query. The model uses the user preferences to overcome the polysemy problem, and employs the WordNet ontology to solve the synonymy problem. Moreover, the model updates the user profile through the user implicit feedback.
WSP model conceptual view
The main objective of the Web Search Personalizer (WSP) model is to retrieve the best search results that meet the user's preferences using his up-to-date user profile, which is being built and updated regularly. Fig. 1 shows the conceptual view of the WSP model and its interactions with the external entities.
As shown in Fig. 1 , the user interacts with the WSP model by entering a user query, which is then semantically optimized to produce an optimized query. The query is optimized based on the user's profile preferences and the query-related synonyms from the WordNet ontology. After that, the optimized query is sent to a set of syntactic search engines for retrieving the related search results, which are then defused to produce the final personalized results. Finally, WSP model extracts the user feedback implicitly by the click-through technique to update the user profile.
In order to build and update the user profile, WSP model interacts with the user to gather the static user profile part and interacts with published resources to gather the dynamic user profile part. The static user profile part represents the basic user information such as username, birth date, location, Figure 1 The WSP model conceptual view.
hobbies and other personal information. On the other hand, the dynamic user profile part represents the published searching and browsing history data, which are obtained automatically and updated periodically to keep the user profile up-to-date.
WSP model architecture
The Web Search Personalizer (WSP) model architecture employs the multi-agent system technique that can be easily extended and maintained. It also enables asynchronous communication among agents, which means that they can work in parallel without interrupting or delaying one another. As shown in Fig. 2 , WSP consists of three agents: Interface Agent, User Profiler Agent and Meta-Search Agent.
To generate the final personalized search results, the three agents are interacting together through well-defined interfaces by exploiting one of the standard Agent Communication Languages such as the Knowledge Query Manipulation Language (KQML) [16] . The user interacts with the Interface Agent by providing the search query and retrieving the personalized search results. In order to optimize the user query semantically to be sent to the Meta-Search agent, the Interface agent accesses the user profile to retrieve the user query-elated preferences and the WordNet to retrieve the related synonyms. Once the Meta-Search agent receives the optimized query, it interacts with a set of syntactic search engines such as Google, Bing and Yahoo to retrieve and defuse the search results, and then it sends them back to the Interface agent. The final personalized search results are displayed to user by the Interface agent, which senses the user clicks to extract the user feedback implicitly. Finally, the Interface agent sends the implicit feedback to the User Profiler agent to update the user profile. The following sections illustrate the internal components of each agent and show how they interact together.
The interface agent
The Interface Agent is a coordinator agent [17] between the user and the other two agents. It is responsible for interacting with the user to acquire the user query such as ''Ferrari Cars'' or ''Mango Trees''. Also, it is responsible for displaying the final search results to the user, and then extracting the implicit user feedback. Therefore, the Interface Agent has three main components: Query Optimizer, Results Viewer, and Feedback Extractor. The Query Optimizer is responsible for semantic query optimization based on the query context domain, the weight of each query term stem within the user profile (query-related preferences) and the WordNet synonyms for each query term stem.
For example, suppose that there are a user U i who has a profile P i (set of preferences), a search query Q(U i ), which is Figure 2 The WSP model architecture. a set of term stems {T 0 , T 1 , T 2 , . . ., T n }, and the query context domain D(Q(U i )). As shown in formula (1), the corresponding optimized query Q e (U i ) is the union of the user query Q(U i ), the query-related preferences PP i , the query context domain D(Q(U i )), and the WordNet synonyms of the query term stems WS(Q(U i )).
Fig . 3 shows the proposed algorithm exploited in the query optimization process. The following steps illustrate how the algorithm works.
Step 1: The Query Optimizer processes the user query to get the stem of each term within the user query using the Porter's algorithm [18] .
Step 2: After that, the query optimizer accesses the WordNet ontology to retrieve the context domain of the query based on the query stems by navigating the ''Hypernym'' relationship in WordNet. The query context domain is identified by the most common domain among the query stems.
Step 3: In case we have multiple context domains, the domain with the highest priority in the user profile (based on their weights) is selected.
Step 4: According to the query context domain, the user profile is accessed to retrieve the related preferences.
Step 5: For each query stem, its synonyms are retrieved from the WordNet ontology.
Step 6: Finally, the Query Optimizer concatenates all of these items (query context domain, query stems, preferences and query stem synonyms) to generate the optimized query, which is then sent to the Meta-Search Agent.
After the personalized search results list comes from the Meta-Search Agent, they are passed to the Results Viewer component that displays them to the user. During viewing the results, the user may do some actions on the same document such as clicking one of the displayed links, bookmarking some page, and copying some text. These actions are sensed by the Feedback Extractor component, which translates them into a set of pairs {(Document D, {Action A})}, and then sends it to the Profiler Agent.
The user profiler agent
User Profiler Agent is a reactive agent [17] that is responsible for creating and updating the user profile, which is represented in a tree data structure of domains and preference stems. Fig. 4 shows a profile sample for user N.
The user profile tree root is a dummy node, which represents the user identifier. The tree root child nodes are the most abstract domains (Ds). Each domain has its own weight (W) that is calculated based on the child preferences (Ts). Each domain may contain other sub-domains and/or set of preferences. These preferences are semantically associated with their parent domain based on the WordNet ontology. For example, the user profile P i for user U i contains set of term stems {T i0 ,T i1 , . . ., T ij } and domains {D i0 , D i1 , . . ., D ij } and each term stem has a weight W(T ij ), so P i can be represented as a set of triplets:
The weight of each parent domain W(D ij ) is calculated based on the average of its direct child node weights as shown in formula (2), where W(N) is the weight of each direct child node N (Term stem or Domain), and n is the number of direct child nodes for this domain. 
The User Profiler Agent consists of two components namely Profile Builder and Profile Updater. The Profile Builder component is responsible for building the basic user profile through two steps. Firstly, it creates an initial user profile from the user basic information, which is provided by the user such as his name, gender, and location. Secondly, it asks the user to determine a list of domains to be ordered according to his interests. These domains represent the basic domains, which may be augmented gradually later during the search sessions according to the extracted implicit feedback. Then for each stem, the domain is obtained from the WordNet ontology.
On the other hand, the Profile Updater component is responsible for updating the user profile based on the implicit feedback coming from the Interface Agent in the form of set of pairs {(Document D, {Action A})}. In addition, it also participates in building the initial user profile by updating the newly created profile with the extracted term stems and domains from the user browsing history documents that are stored on the local machine. The following steps briefly describe how the user profile is updated by the algorithm shown in Fig. 5 .
Step 1: For each document received, the ''TREM'' algorithm [19] extracts the document main terms.
Step 2: Then for each extracted term, the Porter's algorithm [18] is employed to derive the corresponding stem.
Step 3: Assign weight initial value equal 1 to all document term stems.
Step 4: Based on the term location in the document, the term stem weight may vary. For example, the weight of the terms located in the document header or meta-data have higher weights.
Step 5: The actions taken on the document also affect the term stem weight. Therefore, if the user bookmarked the document or saved it, the weight of each extracted term stem from this document is increased.
Step 6: After calculating the term stem weight for each term in each document, the nearest super class/domain is retrieved from the WordNet ontology to construct the user profile updating set, which has triplet elements: a term stem, its domain, and its weight. Agent-based web search personalization approach using dynamic user profile
Step 7: For all term stems in the user profile updating set, the algorithm takes one of three actions. In case that the stem exists under its associated domain, the algorithm updates the stem weight. In case that the domain exists only, the algorithm adds the stem under this domain. In case that neither the domain nor the stem exist, the algorithm adds both of them.
Step 8: Finally, the algorithm recalculates the domain weights using formula (2).
The meta-search agent
Meta-Search Agent is a reactive agent [17] that reacts to the requests coming from the Interface Agent. It acts as a MetaSearch engine, where it sends the optimized user search query to several traditional search engines, and then it merges the results into a single list. It includes two components: Search Engines Interface and Results Data Fusion components. The Search Engines Interface component interacts with the search engines through an Application Programmable Interfaces (APIs) to send the optimized query and receives the search results. After that, the Results Data Fusion merges the results received from the search engines into a single list. For each search engine, there is a retrieved search results r i (Q e ), which is represented in a sequence AEr i0 , r i1 , r i2 , . . ., r in ae. The sequences of search results retrieved from the search engines are merged into a single sequence R m (Q e ). In our model, the CombSum method can be employed to merge the search results [20] . This method sums up all the similarity scores of a document and the query, and also normalizes the similarity scores of the documents. This process is terminated when all results are retrieved and defused to generate the final single list of the search results.
Case study
Suppose that we have a user (A) and user (B). Each user has his own profile that contains his preferences, which are represented by a tree of domains and their related term stems as shown in Fig. 6 . As we can see from this figure, user (A) is interested in ''Movies'' and ''Cars'' domains. He is interested especially in ''Cartoon'' movies for two cartoon characters:
''Goofy'' and ''Pluto''. He is also is interested in two car brands in ''Cars'' domain: ''Jaguar'' and ''Ferrari''. On the other hand, user (B) interested in two domains: ''Animals'' and ''Planets''. In ''Animals'' domain, user (B) interested in the ''Jaguar'' animal, while he is interested in ''Pluto'' planet in the ''Planet'' domain.
If both users enter the same search query: ''Jaguar Speed'', the query optimizer component will access both WordNet ontology and the user profile to determine the query context domain and the query-related partial profile for reach user. As shown in Fig. 7 , the query-related partial profiles extracted include only the domains related to the query context domain.
After that, the query optimizer component optimizes the query to generate the corresponding optimized queries for both users based on their context domain, user profile preferences (query-related partial profiles), query stems and query synonyms. The query optimization process passes through set of steps. Table 1 shows the intermediate results derived from these steps to infer the optimized query from the original query (''Jaguar Speed'') for both user (A) and user (B). Then, the optimized query for each user is sent to the Meta-Search agent, which interacts with set of search engines to retrieve their search results.
Finally, all the retrieved search results from the search engines can be defused together to generate a single list of results to guarantee that no redundant search results will be displayed Figure 6 User (A) and user (B) profiles. for the user. The WSP model can also sense the click-through feedback to update the user profile for each user based on the taken actions on each link.
We assessed our model, WSP, versus both Google and Bing search engines that we also exploited them in our model. The original query of the above case study for both users has been passed to Google and Bing search engines to retrieve their results. On the other hand, we have passed the optimized query for both users to the same search engines. Table 2 shows the results for the top 50 retrieved links from Google (using original query), Bing (using original query), Google (using WSPoptimized query), and Bing (using WSP-optimized query) search engines.
As we can notice from Table 2 and Fig. 8 , the precision of the retrieved search results from both search engines has been increased for both users when they search by the WSP-optimized query. The Google's precision has been increased from 82% to 94% for user (A), and from 12% to 94% for user (B). In the same way, the Bing's precision has been increased from 80% to 98% for user (A), and from 8% to 90% for user (B).
In addition, WSP model was also capable of handling the vocabulary problems (polysemy and synonym). For example, the case study results show that some of the retrieved documents contains the word ''velocity'', which is not exist in the original query, but it has the same meaning of the word ''speed'', which is exist in the original query. Figure 8 Original query precision versus original query precision.
Conclusion
In this paper, we presented a model for web search personalization based on multi-agent system technique. The model builds and maintains the user profile dynamically to keep it up-to-date. During the web search process, the query is optimized semantically using the user profile preferences and the WordNet ontology. Also, a detailed case study was presented to show how the proposed model increased the precision of both Google and Bing search engines when they were used by two users to search the web using the same query, but with different profiles. Besides, in the case study, both polysemy and synonymy problems were overcome by exploiting user preferences and WordNet ontology respectively.
